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ismail Hakki Ugurtas, Murat Seving and Hikmet Sami Yildinmhan (2003) Erythrocyte size and morphology of
some tortoises and turtles from Turkey. Zoological Studies 42(1): 173-178. In this study, erythrocyte size and
morphology of the turtles, Emys orbicularis hellenica and Mauremys rivulata (Emydidae), and tortoises, Testudo
hermanni hermanni, and T. graeca ibera (Testudinidae), living in Turkey were examined. Twenty-five speci-
mens were used in the study. There were 6 of E. orbicularis hellenica, 5 of M. rivulata, 5 of T. h. hermanni, and
9 of T. graeca ibera. Erythrocyte morphology of these examined species was described using Wright's tech-
nique. The sizes of erythrocytes and their nuclei were measured using an ocular micrometer at a magnification
of 1600x. Results of this study were compared with previous work on the other reptile species. The largest
and the widest erythrocytes were found in E. orbicularis hellenica and the smallest in T. graeca ibera. In terms
of the studied species, the nuclear and erythrocyte sizes were found to be correlated (Testudinidae: r = 0.494,
p < 0.001; Emydidae: r = 0.668, p < 0.001). http://www.sinica.edu.tw/zool/zoolstud/42.1/173.pdf
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The 1st studies on the blood of reptiles
described the structures, often comparing them
with those of the other vertebrates. The literature
on hematology of reptilian blood is based on a few
studies, with most concerned with European
species (Saint Girons 1970).

Various authors have described the various
circulating blood cells of different reptile species
(Ryerson 1949, Taylor and Kaplan 1961, Heady
and Rogers 1963, Hartman and Lessler 1964,
Szarski and Czopek 1966, Duguy 1970, Saint
Girons 1970, Mateo et al. 1984, Canfield and
Shea 1988, Cannon et al. 1996, Alleman et al.
1999, Seving et al. 2000, Seving and Ugurtas
2001). Some authors have studied seasonal
(Hutton 1960, Cline and Waldman 1962, Haggag
et al. 1966) or sexual (Altland and Thompson
1958) variations in the number of blood cells of dif-
ferent reptile species. In addition, researchers
have studied the number of blood cells of different
reptile species (Baker and Kline 1932, Charipper

and Davis 1932, Altland and Thompson 1958,
Hutton 1961, Hutchinson and Szarski 1965,
Engbretson and Hutchinson 1976, Mateo et al.
1984). Furthermore, authors have studied hemo-
globin and hematocrit contents of blood and
hematopoiesis of different reptile species (Altland
and Thompson 1958, Hutton 1961, Goin and
Jackson 1965, Engbretson and Hutchinson 1976,
Newlin and Ballinger 1976, Mateo et al. 1984,
Alleman et al. 1999). Finally, some researchers
have studied on a single species (Mateo et al.
1984, Canfield and Shea 1988, Cannon et al.
1996, Alleman et al. 1999, Seving et al. 2000,
Seving and Ugurtas 2001).

In Turkey, hematological studies have gener-
ally been conducted on humans and some eco-
nomically important animals. There are few hema-
tological studies of the reptiles living in this country
(Seving et al. 2000, Seving and Ugurtag 2001).
Studies on Turkish reptiles are usually restricted to
morphology and systematics.
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In the current study, our aim was to describe
and measure erythrocytes of Emys orbicularis hel-
lenica, Mauremys rivulata, Testudo hermanni her-
manni, and T. graeca ibera which live in Turkey.
This study is the 1st of its kind on Turkish species
of tortoises and turtles.

MATERIALS AND METHODS

In this study, 6 (34 4, 3% %) individuals of
Emys orbicularis hellenica (Emydidae), 5 (23 4, 3
% %) of Mauremys rivulata (Emydidae), 5 (34 &,
2% %) of Testudo h. hermanni (Testudinidae), and
9438 38,5% %) of T graeca ibera (Testudinidae)
were examined. Twelve specimens examined
were male, and 13 were female. The study was
carried out between Apr. and June 2000. Testudo
h. hermanni specimens which live only in this
region in Turkey were collected from different
regions of Edirne, while other specimens were col-
lected from different regions of Bursa (Table 1; Fig.
1). Blood was obtained by cardiac puncture of the
turtles and tortoises (Gandal 1958). Immediately
after blood was obtained in heparinized capillary
tubes, blood smears were prepared. Three or 5
blood smears were prepared per individual. The
smears were air-dried and stained with Wright's
stain (Hartman and Lessler 1964). Twelve drops
of Wright's stain were dropped to the slides and
allowed to remain on the slide 90 s before rinsing
with phosphate buffer (pH 6.5). The slides were
allowed to stand for 10 min at room temperature,
were washed with distilled water, and allowed to
dry.

On each slide 50 mature erythrocytes and
their nuclei were measured by means of an ocular
micrometer at a magnification of 1600x. In this
way 50 erythrocyte sizes were calculated from
these measurements. Erythrocyte and nuclear
measurements of examined species are given in
tables 2-5. Erythrocyte and nuclear sizes were
respectively calculated according to the formulas
[(EL x EW x x) / 4] and [(NL x NW x ) / 4]; where
EL is the erythrocyte length, EW is the erythrocyte

Table 1. Materials list

width, NL is the nucleus length and NW is the
nucleus width.

RESULTS

The erythrocytes or red blood cells of turtles
and tortoises are nucleated, oval cells, and their
nuclei are also oval and centrally located like those
of the other reptile species. The cytoplasm of
mature erythrocytes appeared both light and dark
pink and was homogeneous under Wright's stain.
The nuclei of mature erythrocytes are chromophilic
(Figs. 2-5).

Because there were no significant differences
between the erythrocyte sizes of female and male
turtles and tortoises, the data from the females and
males of individual species were pooled.

The largest and widest erythrocytes were
found in Emys orbicularis hellenica (Table 2; Figs.
6, 7). The largest and widest nuclei were also
found in E. orbicularis hellenica (Table 2; Figs. 6,
7). Erythrocyte and nuclear sizes and length/width
ratios of E. orbicularis hellenica are given in table
2.

The erythrocyte length of Mauremys rivulata
was smaller than that of E. orbicularis hellenica but
larger than that of Testudo h. hermanni and T.
graeca ibera (Table 3; Fig. 6). The erythrocyte
width of M. rivulata was smaller than that of E.
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Fig. 1. Collection localities (@).

Species NM NF CD CL Museum

Emys orbicularis hellenica 3 3 15-18 June Bursa | Zoology Museum in Uludag
Mauremys rivulata 2 3 3-7 June Bursa | University

Testudo h. hermanni 3 2  2-5May Edirne | Science and Art Faculty

T. graeca ibera 4 5 10-20 April  Bursa | Department of Biology

NM: number of male, NF: number of female, CD: collection date, CL: collection locality.
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orbicularis hellenica and T. h. hermanni, but larger
than that of T. graeca ibera (Table 3; Fig. 7). The
nuclear length of M. rivulata was smaller than that
of E. orbicularis hellenica and T. graeca ibera, but
larger than that of T. h. hermanni (Table 3; Fig. 6).
The nuclear width of M. rivulata was smaller than
that of E. orbicularis hellenica and T. h. hermanni,
but larger than that of T. graeca ibera (Table 3; Fig.
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Fig. 2. Erythrocyte and nuclear sizes of Emys orbicularis hel-
lenica.
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Fig. 3. Erythrocyte and nuclear sizes of Mauremys rivulata.

7). Erythrocyte and nuclear sizes and length/width
ratios of M. rivulata are given in table 3.

The erythrocyte length of Testudo h. hermanni
was smaller than that of E. orbicularis hellenica
and M. rivulata, but larger than that of T. graeca
ibera (Table 4; Fig. 6). The erythrocyte width of T.
h. hermanni was smaller than that of E. orbicularis
hellenica, but larger than that of M. rivulata and T.
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Fig. 4. Erythrocyte and nuclear sizes of Testudo hermanni her-
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Fig. 5. Erythrocyte and nuclear sizes of Testudo graeca ibera.

Table 2. Erythrocyte dimensions of Emys orbicularis hellenica with standard

deviations
EL (n) EW (n) EL/EW ES (n?) NS/ES
Maximum 2318 +1.01 1464+0.98 205+0.12 266.40+22.80 0.22+0.01
Minimum 1952+1.01 10.98+0.98 1.50+0.12 173.50+22.80 0.11 £0.01
Mean 21.73+1.01 1253+0.98 1.74+0.12 214.00+22.80 0.15+0.01
NL (n) NW (n) NL/NW NS (n2)
Maximum 854+054 6.71+047 1.75%0.15 4498 + 3.74
Minimum 6.10+0.54  4.88+047 0.90%0.15 25.70 + 3.74
Mean 753+054 567+047 1.33+0.15 33.58 £ 3.74

EL: erythrocyte length, EW: erythrocyte width, ES: erythrocyte size, NL: nucleus length, NW:

nucleus width, NS: nucleus size.
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graeca ibera (Table 4; Fig. 7). The nuclear length
of T. h. hermanni was the smallest of the all (Table
4; Fig. 6). The nuclear width of T. h. hermanni was
smaller than that of E. orbicularis hellenica, but
larger than that of M. rivulata and T. graeca ibera
(Table 4; Fig. 7). Erythrocyte and nuclear sizes
and length/width ratios of T. h. hermanni are given
in table 4.

The smallest erythrocyte length and width
were found in Testudo graeca ibera (Table 5; Figs.
6, 7). The nuclear length of T. graeca ibera was
smaller than that of E. orbicularis hellenica, but
larger than that of M. rivulata and T. h. hermanni
(Table 5; Fig. 6). The mean width of the nucleus of
T. graeca ibera was the smallest of all (Table 5;
Fig. 7). Erythrocyte and nuclear sizes and
length/width ratios of T. graeca ibera are given in
table 5.

DISCUSSION

Investigations carried out by various authors
(Hartman and Lessler 1964, Szarski and Czopek
1966, Saint Girons 1970, Seving et al. 2000,
Seving and Ugurtas 2001) reported that the sizes
of erythrocytes vary in members of the 4 orders of
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Fig. 6. Erythrocyte and nuclear lengths of examined species.
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reptiles. Within the class Reptilia, the largest ery-
throcytes are seen in Sphenedon punctatus, tur-
tles, and crocodilians (Hartman and Lesler 1964,
Saint Girons 1970, Alleman et al. 1984). The
smallest erythrocytes are found in the Lacertidae
family (Hartman and Lessler 1964, Saint Girons
1970, Seving et al. 2000, Seving and Ugurtas
2001).

The cryptodiran turtles have larger erythro-
cytes than do other orders of reptiles (Saint Girons
1970).

Szarski and Czopek (1966) reported that the
largest erythrocytes were found Chelydra serpenti-
na (22.5 ), Trionyx spinifer (22.2 n), and Emys
blandingi (21.0 n). Taylor and Kaplan (1961) mea-
sured the erythrocytes of Pseudemys scripta ele-
gans (20.5 p). Hartman and Lessler (1964) mea-
sured the erythrocytes of Gopherus polyphemus
(19.1 n) and Pseudemys ornata (18.6 u). Heady
and Rogers (1963) measured the erythrocytes of
Pseudemys elegans (18.5 p).

There are smaller numbers of erythrocytes in
reptiles than in mammals or birds. Lizards have
more erythrocytes than snakes, while turtles have
the fewest. Since lizards have the smallest ery-
throcytes of all reptiles, and turtles the largest,
there may be an inverse correlation between the
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Fig. 7. Erythrocyte and nuclear widths of examined species.

Table 3. Erythrocyte dimensions of Mauremys rivulata with standard devia-

tions
EL (n) EW (n) EL/EW ES (12 NS/ES
Maximum 21.96+0.84 1342+063 194+009 231.30+14.81 0.21+0.01
Minimum 18.30+0.84 10.37+0.63 1.52+0.09 158.90+14.81 0.13+0.01
Mean 20.16+0.84 11.64+063 1.73+0.09 184.30+14.81 0.16 +0.01
NL (n) NW () NL/NW NS (n2)
Maximum 9.15 + 0.61 6.10+0.46 1.71+0.13 43.81+4.22
Minimum 6.10 + 0.61 427+046  1.00+0.13 23.37 +4.22
Mean 7.06 + 0.61 534+046 1.32+0.13 29.74 +4.22

EL: erythrocyte length, EW: erythrocyte width, ES: erythrocyte size, NL: nucleus length, NW:

nucleus width, NS: nucleus size.
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number of erythrocytes and their size; this hypothe-
sis was advanced by Ryerson (1949) (Duguy
1970). Duguy (1970) reported that the number of
erythrocytes was 260 000 - 680 000 no./mm3 in
Emys orbicularis and 362 000 - 730 000 no./mm3
in T. graeca ibera.

In our study, the largest and the widest ery-
throcytes and nuclei were found in the turtles, E.
orbicularis hellenica and M. rivulata; the smallest
ones in the tortoises, T. graeca ibera and T. h.
hermanni. We did not count the number of ery-
throcytes in these turtles and tortoises. However
according to Ryerson’s (1949) and Duguy’s (1970)
hypothesis, our results (Tables 2-5; Figs. 6, 7) are
in agreement with the results of other researchers
(Taylor and Kaplan 1961, Heady and Rogers
1963, Hartman and Lessler 1964, Szarski and
Czopek 1966). Since turtles have fewer erythro-
cytes (260 000 - 680 000 no./mm3 in E.
orbicularis, Duguy 1970) than tortoises (362 000 -
730 000 no./mm3 in T. graeca ibera), they should
have larger erythrocytes.
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